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DETAILED ACTION 
Introduction 

1 . Claims 1-25 of U.S. Application 09/892,586 are pending. 

2. The case claims priority to provisional application 60/214,875, filed on 
06/29/2000. 

3. The new grounds of rejection have been necessitated by Applicants' 
amendments to the claims. 

Continued Examination Under 37 CFR 1.114 

4. A request for continued examination under 37 CFR 1.114, including the fee set 
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since 
this application is eligible for continued examination under 37 CFR 1.114, and the 
fee set forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous 
Office action has been withdrawn pursuant to 37 CFR 1 .1 14. Applicant's 
submission filed on 1 1/9/2006 has been entered. 

5. The claim amendment filed on 10/6/2006 has been entered. 

Allowable Subject Matter 

6. The following are statements of reasons for the indication of allowable subject 
matter. 
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7. The relevant prior art is: 

• ■ Klimasauskas et al., U.S. Patent 5,877,954. ("Klimasauskas"). 

■ Bhat et al., U.S. Patent 5,477,444. ("Bhat"). 

■ Lightbody, et al. "Neural Network Modelling of a Polymerisation Reactor". 
Int'l Conf. on Control. 1994. March 21-24, 1994. Vol.1, pp.237-242. 
(Hereinafter "Lightbody"). 

■ Weisstein, Eric W. "Hyperbolic Tangent." From MathWorld . © 1 999 CRC 
Press. http://mathworld.wolfram.com/HvperbolicTanqent.html . 
(Hereinafter "Weisstein"). 

8. Independent Claims 23-24 are allowed. 

9. The following are the Examiner's reasons for allowance: 

■ Neither Klimasauskas nor Bhat expressly teach the use of "the log of a 
hyperbolic cosine function". 

■ Lightbody expressly teaches the use of "hyperbolic tangent nodes" in a 
non-linear neural network used for polymer process control (See 
Lightbody, p.239, right column, next-to-last paragraph). Examiner 
interprets that these nodes perform the same purpose as the claimed 
"transfer function" in the non-linear network model claimed in Claim 16. 
However, Lightbody is silent in regards to an integration, summation, or 
accumulation of the hyperbolic tangent function. 

Moreover, Lightbody does not expressly teach the use of "the log of a 
hyperbolic cosine function" as in the limitations of Claims 6, 16, and 22: 
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■ Weisstein teaches at the bottom of p.2 that the integral of hyperbolic 
tangent equals the natural log of hyperbolic cosine, plus some constant. 
However, since neither Klimasauskas , nor Bhat, nor Lightbody teach an 
integration, summation, or accumulation of the hyperbolic tangent 
function, there is no express motivation to combine Weisstein with either 
Klimasauskas, or Bhat, or Lightbody. 

10. None of the cited prior art references, either alone or in combination with one 
another expressly teach the limitation of "the log of a hyperbolic cosine function" 
in combination with the other claimed features. 

11. Claims 6, 16, and 22 contain allowable subject matter, but stand rejected 
under 35 USC§112. 

1 2. In regards to Claims 6, 1 6, and 22, 

■ Neither Klimasauskas nor Bhat expressly teach the use of "the log of a 
hyperbolic cosine function". 

■ Lightbody expressly teaches the use of "hyperbolic tangent nodes" in a 
non-linear neural network used for polymer process control (See 
Lightbody, p.239, right column, next-to-last paragraph). Examiner 
interprets that these nodes perform the same purpose as the claimed 
"transfer function" in the non-linear network model claimed in Claim 16. 
However, Lightbody is silent in regards to an integration, summation, or 
accumulation of the hyperbolic tangent function. 



Application/Control Number: 09/892,586 Page 5 

Art Unit: 2123 

Moreover, Lightbody does not expressly teach the use of "the log of a 
hyperbolic cosine function" as in the limitations of Claims 6, 16, and 22: 
■ Weisstein teaches at the bottom of p.2 that the integral of hyperbolic 
tangent equals the natural log of hyperbolic cosine, plus some constant. 
However, since neither Klimasauskas , nor Bhat, nor Lightbody teach an 
integration, summation, or accumulation of the hyperbolic tangent 
function, there is no express motivation to combine Weisstein with either 
Klimasauskas, or Bhat, or Lightbody. 

1 3. None of the cited prior art references, either alone or in combination with one 
another expressly teach the limitation of "the log of a hyperbolic cosine function" 
in combination with the other claimed features. 

Claim Rejections - 35 USC §112 

14. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of 
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the 
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall 
set forth the best mode contemplated by the inventor of carrying out his invention. 

15. Claims 1-22 and 25 rejected under 35 U.S.C. 112, first paragraph, because the 
specification, while being enabling for a polymer process controller (see p. 17, 
lines 27-30) and a financial controller (see p. 18, lines 1-5 of the specification), 
does not reasonably provide enablement for controlling other real world 
applications. The specification does not enable any person skilled in the art to 
which it pertains, or with which it is most nearly connected, to use the invention 
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commensurate in scope with these claims. The claim is directed to a computer- 
implemented mathematical algorithm used in a controller, yet the applicant only 
disclose these two very different possible applications for the invention - a 
polymer process controller, and a financial controller. 

16. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

17. Claims 1-9, 11-19, 21, and 25 are rejected under 35 U.S.C. 112, second 
paragraph, as being incomplete for omitting essential steps, such omission 
amounting to a gap between the steps. See MPEP § 2172.01 . The omitted 
steps are: a step that explains how the constrained model provides precision 
control in the absence of a controller. Dependent claims 1 0 and 20 remedy this 
defect. 

Claim Rejections - 35 USC § 101 

18.35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

19. Claims 1-22 and 25 are also rejected under 35 U.S.C. 101 because the 
claimed invention preempts a 35 U.S.C. 101 judicial exception. The claims 
preempt every "substantial practical application" of an idea - a 
mathematical algorithm. 
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20. One may not patent every "substantial practical application" of an idea, law of 
nature or natural phenomena because such a patent "in practical effect be a 
patent on the [idea, law of nature or natural phenomena] itself." Gottschalk v. 
Benson , 409 U.S. 63, 71-72, 175 USPQ 673, 676 (1972). 

21 .According to MPEP § 2106 (IV)(C)(3), a claim that recites a computer that solely 
calculates a mathematical formula (see Benson ) or a computer disk that solely 
stores a mathematical formula is not directed to the type of subject matter eligible 
for patent protection. 

22. All of the claims in the instant application share this defect/In particular, none of 
the independent claims are restricted to any field of application, and therefore the 
claims are directed to all possible applications of the math recited in the claims. 

23. The relevant prior art and contemporaneous art recites a variety of unrelated 
practical applications for the claimed mathematical results of the claimed 
modeling of a non-linear process. For example, the instant specification discloses 
two unrelated applications, polymer process control, and financial control. 

24. The only commonality between these different uses is the underlying 
mathematics. 

25. Applicant's claims are directed broadly to any practical use of the mathematics in 
a controller. Examiner therefore has determined that the claims attempt to patent 
every "substantial practical application" of an idea - a mathematical algorithm. 
Thus, the claims are non-statutory. 
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Claim Rejections - 35 USC § 103 

26. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

27. The prior art used for these rejections is as follows: 

■ Klimasauskas et al., U.S. Patent 5,877,954. ("Klimasauskas"). 

■ Bhat et al., U.S. Patent 5,477,444. ('Bhat"). 

28. Claims 1-5, 7-15, and 17-21 and 25 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Klimasaukas in view of Bhat. 

29. In regards to Claim 1, Klimasaukas teaches the following limitations: 

1 . A method for modeling a non-linear empirical process, comprising the steps of 

creating an initial model generajly corresponding to the non-linear 
empirical process to be modeled, the initial model having a base non-linear function an initial 
input and an initial output; 

(See Klimasaukas: col.2, lines 27-31, where Klimasaukas teaches: "The neural 
network model is suitable for modeling complex chemical processes such as 
non-linear industrial processes . . . ") 

constructing a non-linear network model based on the initial model, the 
non-linear network model having multiple inputs based on the initial input and a 
global behavior for the non-linear network model as a whole that conforms 
generally to the initial output, the global behavior being at least in regions of sparse initial input ; 
and 

(See Klimasaukas: col.2, lines 36-38 and 47-50; and col. 8, lines 55-61, 

where Klimasaukas teaches: "For instance, when training data is limited and 
noisy, the network outputs may not conform to known process constraints." 
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And where Klimasaukas also teaches: "As a result, compared to other linear 
regression models, the PLS model works well for the cases where input variables 
are correlated and the data are sparse.") 

calibrating the non-linear network model based on empirical inputs by using a bound on 
an analytical derivative of the base non-linear function 

(See Klimasaukas: col. 12, lines 63-66, and col. 13, lines 6-9, 

where Klimasaukas teaches: "The neural network is trained to predict the 
difference between the primary model predictions and the target variables." 

And where Klimasaukas also teaches: "Further, in the event that the primary 
analyzer 132 deploys a derivative calculator at the output 133, the neural network 
of the error correction analyzer 136 can be trained to predict the error in the 
derivative of the output 133 of the primary analyzer 132.") 

Klimasaukas, however, does not expressly teach the following limitations: 

that allows global properties including at least a global minimum value and a global 
maximum value of the analytical derivatives to be calculated directly from model coefficients, the 
global properties used to produce, via a constrained nonlinear optimization method, an 
analytically constrained model with global behavior, the constrained model providing precision 
control of the non-linear empirical process. 

Bhat, on the other hand, expressly teaches the following: 

To control the optimization operations it is also understood that the various 
manipulated variables have certain physical limits , so reflux flow rate 
limits, reboil steam rate limits and tower pressure limits are provided as 
inputs to the control system 100. (See col.6, lines 30-34, emphasis 
added). 

In the preferred embodiment a fourth technique is used where certain of 
the constraints are considered soft constraints and others considered hard 
constraints. Hard constraints are typically based on physical limits, such 
as steam rates and steam change rates, and so should not be changed. 
Soft constraints, on the other hand, are typically those not based on 
physical concerns but on other concerns. For example, the controlled 
variable limits are usually imposed but are not physical limits. Thus these 
soft constraints are more suitable to adjustment. If optimal solutions are 
not developed within the specified limits of the soft constraints, then in the 
preferred embodiment, the transfer curve, or value curve in the case of the 
preferred embodiment, used in the optimization process is slightly altered 
so that the hard boundaries are somewhat relaxed, so that a transition to 
zero value for a given concentration occurs, not as a discontinuity or step, 
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but as a continuous function. For example, if the C4 concentration 
limits are set at 1 and 2 mole percent then a line is developed 
between the value curve at the two limits and a near zero point at 0.9 
and 2.1 mole percent with a simple cubic spline smoothing the 
transitions at all points of discontinuity. This slightly expanded range 
allows the optimization process sufficiently more room to operate to allow 
an optimal solution to be developed and yet not be too far from the desired 
limits. (See col.9, lines 43-48). 

Klimasaukas and Bhat are analogous art because they are from the same 
field of endeavor - neural networks. 

At the time of the invention, it would have been obvious to a person of 
ordinary skill in the art to modify Klimasaukas with Bhat's teachings. 
The suggestion/motivation for combining the references would have been 
Klimasaukas's express teaching that "the input variables may be filtered to using 
techniques such as that disclosed in [Bhat]." (See col. 12, lines 9-12). 

Therefore, it would have been obvious to a person of ordinary skill in the 
art to modify Klimasaukas with Bhat to obtain the invention of Claim 1 . 

30. In regards to Claim 2, Klimasaukas teaches the following limitations: 

2. The method of Claim 1 , wherein the step of creating the initial model includes 
specifying a general shape of a gain trajectory for the non-linear empirical process. 

(See Klimasaukas: Fig. 6, and col.3, lines 3-4, which teaches: 

"Thus, the neural network of Fig. 6 learns how to bias the primary model to 
produce accurate predictions.") 

31 . In regards to Claim 3, Klimasaukas teaches the following limitations: 

3. The method of Claim 1 , wherein the step of creating the initial model includes 
specifying a non-linear transfer function suitable for use in approximating the 
non-linear empirical process. 

(See Klimasaukas: col. 12, lines 57-60, which teaches: 
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"Preferably, the neurons in the neural network use a hyperbolic transfer 
function such as (E.sup.x -E.sup.-x).div.(E.sup.x +E.sup.-x) for x values in 
the range of minus infinity to positive infinity.") 

32. In regards to Claim 4, Klimasaukas teaches the following limitations: 

4. The method of Claim 3, wherein the non-linear network includes interconnected 
transformation elements and the step of constructing the non-linear network 
includes incorporating the non-linear transfer function into at least one 
transformation element. 

(See Klimasaukas: col. 12, lines 57-60, which teaches: 

"Preferably, the neurons in the neural network use a hyperbolic transfer 
function such as (E.sup.x -E.sup.-x).div.(E.sup.x +E.sup.-x) for x values in 
the range of minus infinity to positive infinity.") 



33. In regards to Claim 5, Klimasaukas teaches the following limitations: 

5. The method of Claim 4, wherein the step of optimizing the non-linear model 
includes setting constraints by taking a bounded derivative of the non-linear 
transfer function. 

(See Klimasaukas: col. 13, lines 6-9, where Klimasaukas also teaches: 

"Further, in the event that the primary analyzer 132 deploys a derivative 
calculator at the output 133, the neural network of the error correction analyzer 
1 36 can be trained to predict the error in the derivative of the output 1 33 of the 
primary analyzer 132.") 

34. In regards to Claim 7, Klimasaukas teaches the following limitations: 

7. The method of Claim 1, wherein the non-linear network model is based on a 
layered network architecture having a feedforward network of nodes with 
input/output relationships to each other, the feedforward network having 
transformation elements; each transformation element having a non-linear 
transfer function, a weighted input coefficient and a weighted output coefficient; 
and the step of calibrating the non-linear network model includes constraining 
the global behavior of the non-linear network model to a monotonic 
transformation based on the initial input by pairing the weighted input and 
output coefficients for each transformation element in a complementary manner 
to provide the monotonic transformation. 



(See Klimasaukas: Fig.6, and col.11, lines 61-65, which teaches: 
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"FIG. 6 illustrates in more detail a conventional multi-layer, feedforward neural 
network which is used in one embodiment of the present invention as the error 
correction analyzer for capturing the residuals between the primary analyzer or 
model 132 output and the target output 115. The neural network of FIG. 6 has 
three layers: an input layer 139, a hidden layer 147 and an output layer 157." 

And also col. 9, lines 44-46, which teach: 

"... where W is a weighting matrix used to create orthogonal scores and B is a 
diagonal matrix containing the regression coefficients bh.") 

35. In regards to Claim 8, Klimasaukas teaches the following limitations: 

8. The method of Claim 1 , wherein the step of optimizing the non-linear network 
model comprises adjusting the optimizing based on information provided by an 
advisory model that represents another model of the non-linear empirical 

process that is different from the initial model, the non-linear network model, 
and the constrained model. 

(See Klimasaukas: col. 12, lines 63-66, and col. 13, lines 6-9) 

36. In regards to Claim 9, Klimasaukas teaches the following limitations: 

9. The method of Claim 8, wherein the advisory model is a first principles model 
of the non-linear empirical process. 

(See Klimasaukas: col. 12, lines 63-66, and col. 13, lines 6-9) 

37. In regards to Claim 10, Klimasaukas teaches the following limitations: 

10. The method of Claim 1 , wherein the non-linear empirical process is part of a 
1 greater process, and the method further includes the step of deploying the 

constrained model in a controller that controls the greater process. 

(See Klimasaukas: col. 12, lines 63-66, and col. 13, lines 6-9) 

38. Claims 11-15 and 17-20 are rejected based on the same reasoning as 
claims 1-10. Claims 11-15 and 17-20 are computer apparatus claims that 
recite limitations equivalent to those recited in method claims 1-10 and 
taught throughout Klimasaukas in view of Bhat. 

39. Claim 21 is rejected based on the same reasoning as claim 1. Claim 21 is a 
computer program product claim that recites limitations equivalent to 
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those recited in method claim 1 and taught throughout Klimasaukas in view 
of Bhat. 

40. Claim 25 is rejected based on the same reasoning as claim 1. Claim 21 is a 
method claim that recites limitations equivalent to those recited in method 
claim 1 and taught throughout Klimasaukas in view of Bhat. The "simple 
cubic spline smoothing" taught in the cited section of Bhat corresponds to the 
claimed 



Response to Amendment 

41. The new grounds of rejection have been necessitated by. Applicants' 
amendments to the claims. 

42. The Applicants unpersuasively argue (see p.12 of the amendment filed 10/6/06) 
that Klimasaukas does not teach that the non-near network model has "multiple 
inputs based on the initial input". 

43. Examiner respectfully disagrees. Klimasaukas teaches (see col.8, lines 65-67) 
that "[b]y running a calibration on one set of data (the calibration set), a 
regression model is made that is later used for prediction on all subsequent data 
samples." 

44. The Applicants unpersuasively argue (see p.12 of the amendment filed 10/6/06) 
that Klimasaukas does not teach that the non-near network model has "a global 
behavior for the non-linear network model as a whole that conforms generally to 
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the initial output where the global behavior is at least in regions of sparse initial 
input." 

45. Examiner respectfully disagrees. Klimasaukas teaches (see col.8, lines 55-61) 
that "the PLS approach typically uses a linear regression model which relates the 
model inputs to the outputs through a set of latent variables. These latent 
variables are calculated iteratively and they are orthogonal to each other. As a 
result, compared to other linear regression models, the PLS model works well for 
the cases where input variables are correlated and the data are sparse." 

46. Moreover, Applicants contend (see p. 12 of the amendment filed 10/6/06) that 
Klimasauskas does not disclose or suggest "calibrating the non-linear network 
model based on empirical inputs by using a bound on an analytical derivative of 
the base non-linear function that allows global properties such as the global 
minimum and maximum values of the analytical derivatives to be calculated 
directly from model coefficients that can be used to produce, via a constrained 
nonlinear optimization method, an analytically constrained model with global 
behavior." 

47. Examiner notes that these limitations are newly amended. The newly applied 
rejections address these limitations. 

48. Moreover, Applicants contend (see p.13 of the amendment filed 10/6/06) that 
Klimasauskas discloses a hybrid linear-neural network which uses a fixed linear 
model that does not produce the claimed " analytically constrained model " of 
Claim 1. 
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49. Again, Examiner notes that these limitations are newly amended. The newly 
applied rejections address these limitations. 

50. In regards to new claim 25, Examiner notes that it corresponds to the previous 
version of Claim 1, before the current amendments. Applicant's arguments 
regarding claim 25 are addressed in the responses to Applicant's arguments 
regarding claim 1. 

Correspondence Information 

Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Ayal I. Sharon whose telephone number is 
(571) 272-3714. The examiner can normally be reached on Monday through 
Thursday, and the first Friday of a biweek, 8:30 am - 5:30 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Leo Picard can be reached at (571) 272-3749. 

Any response to this office action should be faxed to (571) 273- 8300, or 

mailed to: 

USPTO 

P.O. Box 1450 

Alexandria, VA 22313-1450 

or hand carried to: 

USPTO 

Customer Service Window 
Randolph Building 
401 Dulany Street 
Alexandria, VA 22314 
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Any inquiry of a general nature or relating to the status of this application 
or proceeding should be directed to the Tech Center 2100 Receptionist, whose 
telephone number is (571) 272-2100. 

Ayal I. Sharon 
Art Unit 2123 

February 2, 2007 / J I . 




